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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright [0 1997, Texas Instruments Incorporated



About This Manual

Preface

Read This First

The Texas Instruments (TIO) TLC2932 Evaluation Module Technical
Reference Manual for the TLC2932 high-performance phase-locked loop
provides information to assist managers and hardware/software engineers in
application development.

How to Use This Manual

Chapter 1

Chapter 2

Appendix A

Appendix B

Symbol Convention

This document contains the following chapters:

Overview
A general description of the TLC2932 Evaluation Module (TLC2932EVM), key

features, and a functional overview are included.

Hardware
A general description of the TLC2932EVM hardware is included.

TLC2932 Data Sheet
A copy of the TLC2932 data sheet is included.

TC9122P Data Sheet Summary
A summary of the TC9122P data sheet is included.

This document uses the following convention:

TC TOSHIBA device number prefix



Information About Cautions and Warnings/Related Documentation From Texas Instruments

Information About Cautions and Warnings

This book may contain cautions and warnings.

This is an example of a caution statement.

A caution statement describes a situation that could potentially
damage your software or equipment.

This is an example of a warning statement.

A warning statement describes a situation that could potentially
cause harm to you .

The information in a caution or a warning is provided for your protection.
Please read each caution and warning carefully.

Related Documentation From Texas Instruments

FCC Warning

TLC2932 High-Performance Phase-Locked Loop Data Sheet  (literature
number SLAS097E) is included in Appendix A of this book. It contains
electrical specifications, available temperature options, general
overview of the device, and application information.

TLC2932 Phase-Locked Loop Building Block With Analog
Voltage-Controlled Oscillator and Phase Frequency Detector
Application Report (literature number SLAAO011B) contains an
overview of phase-locked loop functional blocks, transfer function
analyses, evaluation module (EVM) board design, and performance
characteristics.

Data Acquisition Circuits Data Book  (literature number SLAD001) contains
the data sheets for devices that perform analog-to-digital,
digital-to-analog, and related functions. It also has selection tables and
package and ordering information.

This equipment is intended for use in a laboratory test environment only. It
generates, uses, and can radiate radio frequency energy and has not been
tested for compliance with the limits of computing devices pursuant to subpart
Jof part 15 of FCC rules, which are designed to provide reasonable protection
against radio frequency interference. Operation of this equipment in other
environments may cause interference with radio communications, in which
case the user at his own expense will be required to take whatever measures
may be required to correct this interference.



Trademarks

Tl is a trademark of Texas Instruments Incorporated.

TOSHIBA is a trademark of TOSHIBA AMERICA, Inc.

If You Need Assistance. . .

If You Need Assistance

If you want to. . .

Do this. . .

Request more information about
Texas Instruments Mixed Signal
Products (MSP)

Call the Product Information Center (PIC)
hotline:
(214) 644-5580

Or send a fax to the PIC:
(214) 4807800

Or write to:

Texas Instruments Incorporated
Product Information Center, MS 3123
P.O. Box 660246

Dallas, Texas 75266

Order Texas Instruments
documentation

Call the PIC hotline:
(214) 644-5580

Ask questions about product
operation or report suspected
problems

Call the PIC hotline:
(214) 644-5580

Report mistakes in this document
or any other Tl Mixed Signal
Products documentation

Send a fax to MSP Marketing Documentation
Correction:
(214) 480-3160

Or send your comments to:

Texas Instruments Incorporated

MSP Marketing Documentation Correction,
MS 8710

P.O. Box 660199

Dallas, Texas 75266-0199

Read This First v
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Chapter 1

Overview

The TLC2932 evaluation module (TLC2932EVM) provides a method to
evaluate the performance of the TLC2932 phase-locked-loop (PLL) building
block. The TLC2932EVM contains a phase frequency detector (PFD) and a
voltage-controlled oscillator (VCO). This manual explains how to construct
basic frequency synthesis circuits including the design of a low-pass filter
(LPF). This chapter includes the following topics:

Topic Page
1.1 IntroducCtion ... o 1-2
1.2 TLC2932EVM Operating Specifications — ........................ 1-3
1.3 Evaluation of the Clock Synthesizer — .......................... 1-4
1.4  Operation NOES . ... ot 1-7
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Introduction

1.1 Introduction

The TLC2932EVM for the TLC2932IPW Texas Instruments CMOS
phase-locked loop (PLL) integrated circuit (IC) contains a TLC2932IPW, two
TC9122P programmable counters, a loop filter, and other devices, as shown
in Figure 1-1. These devices comprise a clock synthesizer on the module to
evaluate basic PLL functionality and performance. The general external
connections of the TLC2932EVM are shown in Figure 1-2.

The TLC2932EVM includes the following:

[ A reference frequency is generated by the crystal (XTAL) oscillator and
supplied to PFD input through the programmable counter. An external ref-
erence (F-ref in) can be input through the Baby N Connector (BNC).

[0 The 14.31818-MHz XTAL oscillator on the EVM is a standard part. It can
be replaced by any other XTAL oscillator with an oscillation frequency in
the functional range of the TC9122P programmable counter.

(1 A lag-lead filter standard connection is available on the board. For more
flexible filter design, a free area beside the socket of TLC2932IPW is
provided.

[J Dip switches on the board are used to set the TC9122P programmable
counter and can be used to set the N/M counter as a frequency
synthesizer.

Figure 1-1. TLC2932EVM Block Diagram

r-—------------—-—-—-—-—=-—-—=--"=-"=-"=-\="-"¥""-""-""-""-" |
| U1 U2 U6 |
: XTAL Oscillator | o | Programmable »| Low-Pass :
> Counter Q < Filter
| 14.31818 MHz TC9122p \O—b- '
| = |
Ci |
Frefin | SERSE > |
| Selector »| TLC2932IPW '
| > |
| u3/u4 U5 |
| Programmable |
Prescalar

| » > Counter > Output
l 74AC11074 TC9122P |
| 2| |12 |
| |
| |
S — _T__ __1__ _____________ -4

AVpDD 5V TDVDD 5V
AGND DGND
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1.2 TLC2932EVM Operating Specifications

TLC2932EVM Operating Specifications

If the on-board XTAL oscillator supplied with the EVM is used, DVpp should
be adjusted to 5.5 V instead of 5 V nominal because of the improved
performance of the TC9122P counter at the higher DVpp.

Table 1-1 lists the supply voltage operating specifications.

Table 1-1. Supply Voltage Operating Specifications

Clock Generator Used

DVpp

AVpp

(nominal) (V) (nominal) (V)

On-board oscillator with TC9122P
programmable counter

5.5

5

Externally applied reference frequency at
F—refin

Overview
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Evaluation of the Clock Synthesizer

1.3 Evaluation of the Clock Synthesizer

This section includes a typical evaluation using the TLC2932EVM. The PLL
block [voltage-controlled oscillator (VCO), phase frequency detector (PFD),
low-pass filter (LPF), and counter] parameters of this evaluation include the
following:

VCO: R1 = 2.2 kQ as Rp|as, lock frequency = 14.31818 MHz

PFD: Comparison frequency = frgg = 15.734 kHz, 14.31818-MHz
XTAL oscillator as reference

LPF: Lag-lead filter C and R values are calculated in the following
section

Counter: N/M = 455/910, 1/2 divide prescalar (P = 2)

Figure 1-2 shows a block diagram of the TLC2932EVM with the given
conditions set.

Figure 1-2. TLC2932EVM Block Diagram With the Given Conditions Set

DVpp AVDD
TLC2932
" LOGICVpp VvCO Vpp j L_
10 UF 10 uF
Y A
DGND I
R1=2.2kQ
SELECT BIAS
0.022 UF
7
4+— f 14.31818 MH S rTT T B
=14, z
0s¢ VCOo ouUT VCOIN I
M =910 co I . R3 ||
XTAL | | Programmable ENA : c1 :
Oscillator Counter (1/M) | —» - X |
fREF VCO GND f | |
/1 -t4+———— -l
Prescalar | | Programmable o Lo Low-Pass Filter
(1/P) Counter (1/N) FIN-B VCO INHIBIT
P=2 N =455
PFD OUT  PFD INHIBIT
Programmable Counter — TC9122P NC
Pre-Scalar — 74AC11074 x 2 ’/ LOGIC GND
t [ Si
L AGND “?O
DGND o——>% o
S3
O
47 kQ DGND
DVpp
S1, S2: ON

S3: OFF (SELECT = H)
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Evaluation of the Clock Synthesizer

1.3.1 Calculation of the LPF C and R Values

This section examines the calculations used to derive the C and R values for
the lag-lead filter. The design parameters selected for this example include the
following:

VCO range: Selected from the VCO characteristic curve
below (see Figure 1-3)

Lock up time: tg =1 ms

P - N count: 910

Damping factor: { = 0.7

Selected radians to lock-up time: wptg = 4.5 rad

Natural angular frequency: wy, = wyts/ts = 4500 rad/sec Q)

Figure 1-3. VCO Characteristic Curve
Oscillation Frequency vs Control Voltage

40 :
Vpp=5V

35 RBlAS = 2.2kQ P
SELECT =H /

“ Ta =25°C /1
. /
20 /

15 //

fosc— Oscillation Frequency — MHz

0 1 2 3 4 5
VCO IN - Control Voltage — V

In the case of the lag-lead filter, w, and  are calculated according to the
following equations:

wp = J(Kp - K/A(P - N) - (T1 + T2)} )

€= (on/2) - [T2 + [N/(Kp - KV)]] (3)
(TL=R2-C1, T2 = R3-Cl)

PFD gain

kp = ~YOH-YOL = 032 Virad @)

where Vg and V| are obtained from the data sheet

VCO gain from Figure 1-3

Kv = [[(32 ~ 12)MHz - 106}/(4 - 1)v] .21 )

I

41.9 Mrad/V/sec

Overview 1-5



Evaluation of the Clock Synthesizer

The R2 and R3 values for the LPF are calculated according to the following
equations:

R2 = [{(Kp - Kv/op2) - 1/(P - N)] — {(2t/wp) + N/(Kp - Kv)}]/Cl ©)
R3 = {(2/wy) — N/(Kp - Kv)}/C1 @)
When Cl is set to 1 pF, the R2 and R3 calculated values are:

R2=470Q, R3=240Q

Capacitor C2 is added to minimize high-frequency pickup at the VCO input,
and the C2 value should be set equal to or smaller than C1 [11/10 to have a

minimal effect on the LPF poles, hence:

C2 = 0.1 uF is selected for this application.

1.3.2 Evaluation Board Output Waveform

Figure 1-4 shows the input frequencies and the VCO output waveform using
the C and R values calculated in the previous section.

Figure 1-4. Input Frequencies and VCO Output Waveform

Ta =25°C,
Vpp =5V,
RBijas (R1) =2.2 kQ,

Low-Pass Filter:
R2 =470 Q,
R3=240Q,
C1=1pF,
C2=0.1pF

o
<

‘*r-b\-# -
___—.fm o

R IR R R

5 Vidiv

o
<

VCO OUT
ov el ot ol all ad ot ol ol aill o ot ot ol

“—— T p—

100-ns/div

1.3.3 Using an Active Filter as the LPF

1-6

For active filtering on the EVM, space is available to build the filter using an
operational amplifier. Note the inverted output of the filter; this inverted output
can be compensated for by changing the JP2 connections of 1 to 4, 2to 3
(normally 1 to 2, 3 to 4 for lag-lead filter).

To find the best C and R values for each application, some evaluation may be
required. The LPF characteristics resulting from standard values of R and C
can cause the PLL performance to be slightly different from theoretical results.



1.4 Operation Notes
a

a

Operation Notes

When an external reference frequency is input through the J1 connector,
an R7 resistor should be inserted as termination.

The VCO output should drive only one external device to avoid overload.

Because this evaluation board has a high-frequency VCO functional
block, it requires the closest connection and shortest possible lead-in of
each I/O to optimize board performance.

The supply voltage for this board should be 5 V or as specified in
Section 1.2, TLC2932EVM Operating Specifications, as determined by
the peripheral IC supply voltage requirements, because the TLC2932IPW
can use both 5V and 3 V.

For details of the 74AC11074 prescalar on this board, see the TI CMOS
Data Book.

For a description of the programmable counter functions, see the general
reference information included in this document from the TOSHIBA
TC9122P data sheet.

A bypass capacitor for the BIAS terminal should be used for any
application and placed as close as possible to terminal 13. This capacitor
is included on the TLC2932EVM and designated as C17.

Overview 1-7
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This chapter includes the following topics:

Chapter 2

Hardware

Topic Page
2.1 Board Schematic ........ ... 2-2
2.2 Power, Ground, and Capacitor Connections  ................... 2-4
2.3 Board Layout . ... 2-4
2.4 Board Layers . ...t e 2-6
2.5 Part Descriptions . ...t 2-8
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Board Schematic

2.1 Board Schematic

The TLC2932EVM board schematic is shown in Figure 2—1.
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Board Schematic
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Power, Ground, and Capacitor Connections/Board Layout

2.2 Power, Ground, and Capacitor Connections

The power, ground, and capacitor connections of the TLC2932EVM are
shown in Figure 2-2.

Figure 2-2. Vpp and GND Line Connections and Bypass Capacitors

DVpp @
) 1,7,10,12 1,7, 10,12 )
1 1 11 11 1
U1 U2 U3 L U4 L Us
c3|+ |ca cs5 |+ |c6 c7 | 8 C9 | 10 cii|+ |c12
T T
4 e 18 ¢ 4 2 1s,

B
B

DGND @ @
g C3, C5, C7, C9, C11, C13, C15=10 pF
C4, C6, C8, C10, C12, C14, C16, C17 = 0.022 pF
AVpDD
1]14/13;
4 ue L
C13|+ __014 Cli_‘i' C16 __C17
/\{4 ‘
7 'll
AGND
/=1
L—d

2.3 Board Layout

The TLC2932EVM board layout is shown in Figure 2-3.
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Board Layout

Figure 2-3. TLC2932EVM Board Layout
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Board Layers

2.4 Board Layers

Figure 2—4. Layer 1

Figure 2-5. Layer 2

0000000000
0000000000
0000000000
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Part Descriptions

2.5 Part Descriptions

The TLC2932EVM parts are listed in Table 2—1.

Table 2—1. Part Descriptions

Number Quantity Reference Description
1 1 C1 1-uF ceramic capacitor, 0.2-inch LS, (AVX
SR30C105KAA or equivalent)
2 1 Cc2 0.1-pF ceramic capacitor, 0.2-inch LS, (AVX
SR215C104KAA or equivalent)
3 7 C3,C5,C7,C9C11, C13, 10-pF 16-V aluminum capacitors
C15
4 5 C4, C6, C8, C10, C12 0.1-pF ceramic capacitors,
0.2 inch LS, radial lead (AVX SR21C104KAA or
equivalent)
5 3 C14, C16, C17 0.022-pF capacitors, X7R, 1206 SMT
6 1 JP1 Header 2 x 2
7 1 JP3 Header 3 x 2
8 2 J1,J2 BNC connectors, PCB mount, RT angle
9 10 J3,J4, 35, J6, J7,J8,J9, Pin sockets
J10, J11, J12
10 1 R1 2.2 kQ, 5%, 1/4 W resistor
11 1 R2 470 Q, 5%, 1/4 W resistor
12 1 R3 240 Q, 5%, 1/4 W resistor
13 3 R4, R5, R6 47 kQ, 5%, 1/4 W resistors
14 2 S1, S2 12-position DIP switch
15 1 S3 3-position DIP switch
16 2 (JP1, JP3) Shorting plug, header pin
17 2 TB1, TB2 Term block, screw terminal
18 10 TP1, TP2, TP3, TP4, TP5, Terminal, test point
TP11, TP12, TP13, TP14,
TP15
19 1 U1 XTAL oscillator 14.31818 MHz
20 2 Uz, Us TC9122 programmable counter
21 2 U3, u4 74AC11074 prescalar
22 1 ué TLC2932 PLL functional block
23 2 [JP2] (1-2, 3-4) Bus wire, #24
24 1 PC board
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Appendix A

TLC2932 Data Sheet

This appendix presents a copy of the TLC2932 data sheet.
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TLC2932I Data Sheet

A.1 TLC2932 Data Sheet
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Appendix B

TC9122P Data Sheet Summary

This appendix presents a summary of the TC9122P data sheet.

Topic Page
B.1 Reference Information for the TC9122P Programmable Counter B-2
B.2 Device CONNECLIONS .. ..ottt B-2
B.3 Terminal FUNCLIONS .. ... ... . e B-3
B.4 Absolute Maximum Ratings, T A =25°C ..........cooviiiiiea... B-3
B.5 Electrical CharacteristicsatV pp =75V, Tp =25°C .............. B-4
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Reference Information for the TC9122P Programmable Counter

B.1 Reference Information for the TC9122P Programmable Counter

The device connections, terminal functions, absolute maximum ratings, and
electrical characteristics reference data included in this document is from the
TOSHIBA TC9122P data sheet.

B.2 Device Connections

The connections of the TC9122P are shown in Figure B-1.

Figure B—1. TC9122P Connections

5V
/7; 18 ‘1
ouT = TC9122P .
B3A3D2 C2B2A2D1 C1 B1A1 DpCoBp Ag

IS RERSNEYRNES

R e e Ve Vet

N= 103 102 101 100

5V

B-2



B.3 Terminal Functions

Terminal Functions

The TC9122P terminal functions are shown in Table B-1.

Table B-1.TC9122P Terminal Functions

Terminal Name Description Notes
No.
Programmable counter input. As this input has the self-biased amplifier | Internal
2 IN internally, input frequency can be a small signal by capacitive coupling | amplifier
the input.
Program input to set divide value N by BCD. N can be set from 8t0 3999. | Each
3-6 Ag-Dg | 100 | The values below must not be set. terminal
has a
Ao | Bo | Co [ Do |A1 By |Ca|Dg|Ar By | Co Do A3 | B3|, 1 down
i1{o|lofo|Jofo|Of[O|O|O|O]|O]|O/| O |resistor
- — 1 .
/=10 1 A=D1 110% 1 5 | 3 fo|o|o|o|lo|o|o|o|o|o]|o0]o |intemaly.
i1]j]12j0f0|O0O]JO]JO|]O|JO|O]|JO]JOfO]|O
11-14 |A,-D,|1202({ 0| O |1 }|JO0O|0O0O]|JO|O0O]|JO]O0O]|JO|O|O]O0]|O
i1j]0j2f0(0]JO|jJO}J]O]J]O|O]|JO]JOfO]|O
301100000000000
15,16 1 A3 B3 |10°| 3 | 1 (1|0 |o|o|o|o]o|lo|o|o]|oO]|oO
Programmable counter output. 1/N of the IN frequency appears at this
17 ouT
output.
VbD:
1,18 GND Power supply and ground.

B.4 Absolute Maximum Ratings, T p = 25°C

The TC9122P absolute maximum ratings

Table B-2.

Table B-2.TC9122P Absolute Maximum Ratings

at Tp = 25°C are shown in

Supply voltage range, Vpp

-03Vtol0V

Input voltage range, V|

~0.3VtoVee +0.3V

Operating temperature range, Tpa

—-30°Cto 75°C

Storage temperature range, Tstg

—-55°C to 125°C

TC9122P Data Sheet Summary B-3



Electrical Characteristics

B.5 Electrical CharacteristicsatV pp=7.5V, Tp =25°C

The TC9122P electrical characteristics are shown in Table B-3.

Table B-3.TC9122P Electrical Characteristics

Parameter Test Conditions Min | Typ Max Unit
Vpp  Supply voltage 4.5 8.5 \%
Vipp) Input voltage swing fi = 15 MHz, V|=2Vp-p 2 7 Vp-p
IbD Supply current 15 30 mA
A High-level input voltage 55 Vpp+0.3 \Y
VL Low-level input voltage -0.3 2 \Y
Voy  High-level output voltage loy =—-0.5 mA 6.5 \Y,
VoL  Low-level output voltage loL=0.5mA 1 \Y
f Operating frequency (see Note 1) 1 15 MHz
RN Input pulldown resistor 20 80 kQ
R¢ Amplifier feedback resistor 100 500 kQ

NOTE 1:

B-4

VDD = 7.5 V £10%, V|(pp) = 2 Vp-p, TA = 30°C to 75°C
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® \/oltage-Controlled Oscillator (VCO)
Section:
— Complete Oscillator Using Only One
External Bias Resistor (R pgjas)
— Lock Frequency:

22 MHz to 50 MHz (Vpp =5V 5%,

Ta =—20°C to 75°C, x1 Output)
11 MHz to 25 MHz (Vpp =5V 5%,
Tp =—20°C to 75°C, x1/2 Output)

— Output Frequency ... x1 and x1/2
Selectable

® Phase-Frequency Detector (PFD) Section

Includes a High-Speed Edge-Triggered
Detector With Internal Charge Pump

CMOS Technology

Typical Applications:

— Frequency Synthesis

— Modulation/Demodulation

— Fractional Frequency Division
Application Report Available T

® CMOS Input Logic Level

description

Independent VCO, PFD Power-Down Mode
Thin Small-Outline Package (14 terminal)

PW PACKAGE t

(TOP VIEW)
LOGIC Vpp CI]1° 14 [FT3 VCO Vpp
SELECT 12 13 [.T BIAS
VCO OUT I3 12 [T VCO IN
FIN-A 14 11 [T VCO GND
FIN-B 15 10 [T VCO INHIBIT
PFD OUT [CI6 9 [E.1 PFD INHIBIT
LOGIC GND 17 8 [T NC

1 Available in tape and reel only and ordered as the

TLC2932IPWLE.

NC — No internal connection

The TLC2932I is designed for phase-locked-loop (PLL) systems and is composed of a voltage-controlled
oscillator (VCO) and an edge-triggered-type phase frequency detector (PFD). The oscillation frequency range
of the VCO is set by an external bias resistor (Rgjas)- The VCO has a 1/2 frequency divider at the output stage.
The high-speed PFD with internal charge pump detects the phase difference between the reference frequency
input and signal frequency input from the external counter. Both the VCO and the PFD have inhibit functions,
which can be used as a power-down mode. The TLC2932I is suitable for use as a high-performance PLL due
to the high speed and stable oscillation capability of the device.

functional block diagram

FIN-A Phase
FIN-B Flrjequency
r
PED INHIBIT — etecto

VCO IN 12

BIAS — =2

PFD OUT  yco INHIBIT 10
SELECT 2

\oltage-
Controlled
Oscillator

AVAILABLE OPTIONS

TA

PACKAGE

SMALL OUTLINE
(PW)

—20°Cto 75°C

TLC2932IPWLE

VCO OUT

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

tT1LC2932 Phase-Locked-Loop Building Block With Analog Voltage-Controlled Oscillator and Phase Frequency Detector (SLAA011).

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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Terminal Functions

TERMINAL
lfe} DESCRIPTION
NAME NO.

FIN-A 4 I Input reference frequency f(REF |N) is applied to FIN-A.

FIN-B | Input for VCO external counter output frequency f(FIN—B)- FIN-B is nominally provided from the external
counter.

LOGIC GND 7 GND for the internal logic.

LOGIC Vpp 1 Power supply for the internal logic. This power supply should be separate from VCO Vpp to reduce
cross-coupling between supplies.

NC No internal connection.

PFD INHIBIT | PFD inhibit control. When PFD INHIBIT is high, PFD output is in the high-impedance state, see Table 3.

PFD OUT O | PFD output. When the PFD INHIBIT is high, PFD output is in the high-impedance state.

BIAS 13 | Bias supply. An external resistor (Rgjas) between VCO Vpp and BIAS supplies bias for adjusting the
oscillation frequency range.

SELECT 2 | VCO output frequency select. When SELECT is high, the VCO output frequency is x1/2 and when low, the
output frequency is x1, see Table 1.

VCO IN 12 | VCO control voltage input. Nominally the external loop filter output connects to VCO IN to control VCO
oscillation frequency.

VCO INHIBIT 10 | VCO inhibit control. When VCO INHIBIT is high, VCO OUT is low (see Table 2).

VCO GND 11 GND for VCO.

VCO OUT 3 O | VCO output. When the VCO INHIBIT is high, VCO output is low.

VCO Vpp 14 Power supply for VCO. This power supply should be separated from LOGIC Vpp to reduce cross-coupling
between supplies.

detailed description

VCO oscillation frequency

The VCO oscillation frequency is determined by an external resistor (Rgjas) connected between the VCO Vpp
and the BIAS terminals. The oscillation frequency and range depends on this resistor value. The bias resistor
value for the minimum temperature coefficient is nominally 3.3 kQ with 3-V at the VCO Vpp terminal and
nominally 2.2 kQ with 5-V at the VCO Vpp terminal. For the lock frequency range refer to the recommended
operating conditions. Figure 1 shows the typical frequency variation and VCO control voltage.

VCO Oscillation Frequency Range

Bias Resistor (R B|AS)

VCO Oscillation Frequency  (fggc)

1/2Vpp
VCO Control Voltage (VCO IN)

Figure 1. VCO Oscillation Frequency

A-4
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VCO output frequency 1/2 divider

The TLC29321 SELECT terminal sets the fygc or 1/2 fogc VCO output frequency as shown in Table 1. The 1/2
fosc output should be used for minimum VCO output jitter.

Table 1. VCO Output 1/2 Divider Function

SELECT VCO OUTPUT
Low fosc
High 112 fosc

VCO inhibit function

The VCO has an externally controlled inhibit function which inhibits the VCO output. A high level on the VCO
INHIBIT terminal stops the VCO oscillation and powers down the VCO. The output maintains a low level during
the power-down mode, refer to Table 2.

Table 2. VCO Inhibit Function

VCO INHIBIT VCO OSCILLATOR VCO OUTPUT IDD(VCO)
Low Active Active Normal
High Stopped Low level Power Down

PFD operation

The PFD is a high-speed, edge-triggered detector with an internal charge pump. The PFD detects the phase
difference between two frequency inputs supplied to FIN-A and FIN-B as shown in Figure 2. Nominally the
reference is supplied to FIN-A, and the frequency from the external counter output is fed to FIN-B.

FIN-A

\ \

FIN-B \ \

‘ \

!

________ Hh Vo

PFD OUT | |
Hi-Z
l——— VoL

Figure 2. PFD Function Timing Chart

PFD output control

A high level onthe PFD INHIBIT terminal places the PFD output in the high-impedance state and the PFD stops
phase detection as shown in Table 3. A high level on the PFD INHIBIT terminal also can be used as the
power-down mode for the PFD.

Table 3. VCO Output Control Function

PFD INHIBIT DETECTION PFD OUTPUT IDD(PFD)
Low Active Active Normal
High Stopped Hi-Z Power Down

J@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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schematics

VCO block schematic

RBlAs
BIAS
! ? —
‘ ‘ 1/2
Bias - VCO
VCOIN —control _ Output vco out
0 o ——— SELECT
VCO INHIBITJ
PFD block schematic
i'-aﬁge—pﬁnﬁ -'i
| VDD |
I |
_ 4| >OJ I
FIN-A
I |
Detector I | PFDOUT
N
FIN-B — |
I = |
PFD INHIBIT b ———— <
absolute maximum ratings T
Supply voltage (each supply), Vpp (See Note 1) . ... 'aY%
Input voltage range (each input), Vi(see Note 1) ..., -05VtoVpp+0.5V
Input current (€aCh INPUL), 1] ..ot e e e e +20 mA
Output current (€aCh OUIPUL), 10 o oot +20 mA
Continuous total power dissipation, at (or below) Tp =25°C (seeNote 2) ....................... 700 mW
Operating free-air temperature range, TA .. oo oottt e —20°C to 75°C
Storage temperature range, Tggg -« ovove i —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... .. ... .. ... 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values are with respect to network GND.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 5.6 mw/°C.

{’? TeEXAS
INSTRUMENTS
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recommended operating conditions

PARAMETER MIN  NOM MAX | UNIT
Supply voltage, Vpp (each supply, see Note 3) |—22=> 285 3 3By
u voltage, each supply, see Note
PPy 9¢.YbD i Vpp=5V 4.75 5 525
Input voltage, V| (inputs except VCO IN) 0 VDD \Y
Output current, I (each output) 0 +2 mA
VCO control voltage at VCO IN 0.9 VDD \
Vpp =3V 14 21
Lock frequency (x1 output) MHz
Vpp=5V 22 50
Vpp=3V 7 10.5
Lock frequency (x1/2 output) MHz
Vpp=5V 1 25
. ) Vpp =3V 2.2 3.3 4.3
Bias resistor, Rg|AS kQ
Vpp=5V 1.5 2.2 3.3

NOTE 3: Itisrecommended that the logic supply terminal (LOGIC Vpp) and the VCO supply terminal (VCO Vpp) should be at the same voltage

and separated from each other.

electrical characteristics over recommended operating free-air temperature range, V pp =3V
(unless otherwise noted)

VCO section

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

VOH High-level output voltage loH=-2mA 24 \
VoL Low-level output voltage loL=2mA 0.3 \
ViT Input threshold voltage at SELECT, VCO INHIBIT 0.9 15 21 \
| Input current at SELECT, VCO INHIBIT V| =Vpp or GND +1 HA
Zjtyco IN)  Inputimpedance VCO IN =1/2 Vpp 10 MQ
IDD(INH) VCO supply current (inhibit) See Note 4 0.01 1 HA
Ipp(vco)  VCO supply current See Note 5 5 15 mA

NOTES: 4. Currentinto VCO Vpp, when VCO INHIBIT = Vpp, PFD is inhibited.

5. Current into VCO Vpp, when VCO IN = 1/2 Vpp, Rg|as = 3.3 kQ, VCO INHIBIT = GND, and PFD is inhibited.
PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

VoH High-level output voltage loH=-2mMA 2.7 \Y
VoL Low-level output voltage loL=2mA 0.2 \
loz High-impedance-state output current C:Z:D\I/'\IIDg%LTG:Nggh’ +1 HA
VIH High-level input voltage at FIN-A, FIN-B 2.7 \%
VIL Low-level input voltage at FIN-A, FIN-B 0.5 \Y
ViT Input threshold voltage at PFD INHIBIT 0.9 15 21 \
Cj Input capacitance at FIN-A, FIN-B 5 pF
Zi Input impedance at FIN-A, FIN-B 10 MQ
IDD(2) High-impedance-state PFD supply current See Note 6 0.01 pA
Ipb(PFD) PFD supply current See Note 7 0.1 15 mA

NOTES: 6. Currentinto LOGIC Vpp, when FIN-A, FIN-B = GND, PFD INHIBIT = Vpp, no load, and VCO OUT is inhibited.
7. Currentinto LOGIC Vpp, when FIN-A, FIN-B = 1 MHz (V|(pp) = 3V, rectangular wave), NC = GND, no load, and VCO OUT is

inhibited.

J@ TEXAS
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operating characteristics over recommended operating free-air temperature range, V DD =3V
(unless otherwise noted)
VCO section
PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
fosc Operating oscillation frequency RBias =3.3kQ, VCOIN=1/2Vpp 15 19 23| MHz
ts(fosc) Time to stable oscillation (see Note 8) Measured from VCO INHIBIT! 10 us
o CL=15pF, See Figure 3 7 14
tr Rise time - ns
CL =50 pF, See Figure 3 14
. CL=15pF, See Figure 3 6 12
tf Fall time - ns
CL =50 pF, See Figure 3 10
Duty cycle at VCO OUT RBlas =3.3kQ, VCOIN =1/2 Vpp, 45%  50%  55%
. S RBjas =3.3kQ, VCOIN=1/2Vpp, o
0(fosc) Temperature coefficient of oscillation frequency Tp = -20°C to 75°C 0.04 %/°C
- I Rpias =3.3kQ, VCOIN=15V,
ksvs(fosc) Supply voltage coefficient of oscillation frequency VDD = 2.85 V 10 3.15 V 0.02 %/mV
Jitter absolute (see Note 9) Rpjas = 3.3 kQ 100 ps

NOTES: 8. The time period to the stable VCO oscillation frequency after the VCO INHIBIT terminal is changed to a low level.
9. The low-pass-filter (LPF) circuit is shown in Figure 28 with calculated values listed in Table 7. Jitter performance is highly dependent
on circuit layout and external device characteristics. The jitter specification was made with a carefully designed PCB with no device

socket.
PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
fmax Maximum operating frequency 20 MHz
tpLz PFD output disable time from low level 21 50
ns
tpHZ PFD output disable time from high level ) 23 50
- See Figures 4 and 5 and Table 4
tpzL PFD output enable time to low level 11 30
ns
tpzH PFD output enable time to high level 10 30
tr Rise time . 2.3 10 ns
- CL=15pF, See Figure 4
tf Fall time 2.1 10 ns
‘Ui TEXAS
A-8 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC2932I

HIGH-PERFORMANCE PHASE-LOCKED LOOP

SLAS097E — SEPTEMBER 1994 — REVISED MAY 1997

electrical characteristics over recommended operating free-air temperature range, V DD =5V
(unless otherwise noted)
VCO section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VoH High-level output voltage loH=-2mA 4 \
VoL Low-level output voltage loL=2mA 0.5 \Y
ViT Input threshold voltage at SELECT, VCO INHIBIT 15 25 3.5 \
I Input current at SELECT, VCO INHIBIT V| =Vpp or GND +1 HA
Zj(yCO IN) Inputimpedance VCO IN=1/2Vpp 10 MQ
IDD(INH) VCO supply current (inhibit) See Note 4 0.01 1 pA
Ipb(vco) VCO supply current See Note 5 15 35 mA
NOTES: 4. Currentinto VCO Vpp, when VCO INHIBIT = Vpp, and PFD is inhibited.
5. Currentinto VCO Vpp, when VCO IN = 1/2 Vpp, Rjas = 3.3 kQ, VCO INHIBIT = GND, and PFD is inhibited.
PFD section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VOH High-level output voltage loH=2mA 45 \
VoL Low-level output voltage loL=2mA 0.2 \
loz High-impedance-state output current \F;:::D\I/r\llDI-I;II(B)IrTG=Nh[|)gh, +1 HA
VIH High-level input voltage at FIN-A, FIN-B 4.5 Vv
ViL Low-level input voltage at FIN-A, FIN-B \
VIT Input threshold voltage at PFD INHIBIT 15 25 35 \Y
Cj Input capacitance at FIN-A, FIN-B 5 pF
Zj Input impedance at FIN-A, FIN-B 10 MQ
IDD(2) High-impedance-state PFD supply current See Note 6 0.01 HA
IDD(PFD)  PFD supply current See Note 7 0.15 mA
NOTES: 6. Currentinto LOGIC Vpp, when FIN-A, FIN-B = GND, PFD INHIBIT = Vpp, no load, and VCO OUT is inhibited.

7.

Current into LOGIC Vpp, when FIN-A, FIN-B = 1 MHz (V|(pp) = 5 V, rectangular wave), PFD INHIBIT = GND, no load, and

VCO OUT is inhibited.

J@ TEXAS
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operating characteristics over recommended operating free-air temperature range, V DD=5V
(unless otherwise noted)
VCO section
PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
fosc Operating oscillation frequency RBlas =2.2kQ, VCOIN=1/2Vpp 30 41 52| MHz
ts(fosc) Time to stable oscillation (see Note 8) Measured from VCO INHIBIT! 10 us
o CL=15pF, See Figure 3 55 10
tr Rise time - ns
CL =50 pF, See Figure 3 8
. CL=15pF, See Figure 3 5 10
tf Fall time - ns
CL =50 pF, See Figure 3 6
Duty cycle at VCO OUT RBlAS = 2.2kQ, VCOIN =1/2 Vpp, 45%  50%  55%
. S RBjas =2.2kQ, VCO IN=1/2Vpp, opso
0(fosc) Temperature coefficient of oscillation frequency Tp = —20°C to 75°C 0.06 %I/°C
- I RBIAS =2.2kQ, VCOIN=25V, .
ksvs(fosc) Supply voltage coefficient of oscillation frequency VDD = 4.75 V 10 5.25 V 0.006 %/mV
Jitter absolute (see Note 9) RBlaAs = 2.2 kQ 100 ps

NOTES: 8: The time period to the stable VCO oscillation frequency after the VCO INHIBIT terminal is changed to a low level.

9. The LPF circuitis shown in Figure 28 with calculated values listed in Table 7. Jitter performance is highly dependent on circuit layout

and external device characteristics. The jitter specification was made with a carefully designed PCB with no device socket.

PFD section
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
fmax Maximum operating frequency 40 MHz
tpLz PFD output disable time from low level 21 40
ns
tPHZ PFD output disable time from high level . 20 40
- See Figures 4 and 5 and Table 4
tpzL PFD output enable time to low level 7.3 20
ns
tpzH PFD output enable time to high level 6.5 20
tr Rise time . 2.3 10 ns
- CL=15pF,  See Figure 4
tf Fall time 17 10 ns
‘Ui TEXAS
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PARAMETER MEASUREMENT INFORMATION

90% 90%
10% | ‘ 10%

\
> oer ey

Figure 3. VCO Output Voltage Waveform

————————— Y‘op @ -—-—— — — —  Vpp
FIN-AT I\
GND GND

VCO OUT

|
\ Vb  —— VbD
FIN-BT ‘ f ;
! GND | GND
| |
\ /—: —— VDD | /—: —— VbD
PFD INHIBIT | 50% | 50%
! | GND | | GND
| L tpz \ > tpLz
‘—ﬂ‘ et | > ‘H— tf |
_____ VOH VbD
PFD OUT | 0% oy 90% N 15096 50%
10% 50% 0 X 10%
= | GND | VoL
tpzH —lep tpzL —14-P)
(a) OUTPUT PULLDOWN (b) OUTPUT PULLUP
(see Figure 5 and Table 4) (see Figure 5 and Table 4)

T FIN-A and FIN-B are for reference phase only, not for timing.

Figure 4. PFD Output Voltage Waveform

Table 4. PFD Output Test Conditions

_ VDD
PARAMETER RL CL S1 S2 Test Point
tpzH s1
tPHZ Open Close RL
tr PFD OUT
1 kQ 15 pF DUT

tpzL

S2
tpLz Close Open == CL
tf

77

Figure 5. PFD Output Test Conditions
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fosc — VCO Oscillation Frequency — MHz

fosc — VCO Oscillation Frequency — MHz

TYPICAL CHARACTERISTICS

VCO OSCILLATION FREQUENCY

VS
VCO CONTROL VOLTAGE

40

Vpp=3V

R =2.2kQ -20°C

BIAS 250C
1
30 v
/ 75°C

20 /

d

/

10
0
0 1 2 3
VCO IN — VCO Control Voltage — V
Figure 6
VCO OSCILLATION FREQUENCY
VS
VCO CONTROL VOLTAGE
40 T
Vpp=3V
Rpijas =3.3kQ
30 -20°C |
75°C
25°C
20
10 '/
0
0 1 2

VCO IN — VCO Control Voltage — V

Figure 8

fosc — VCO Oscillation Frequency — MHz

fosc — VCO Oscillation Frequency — MHz

VCO OSCILLATION FREQUENCY
VS
VCO CONTROL VOLTAGE

100 |
Vpp=5V
- Rpias = 1.5kQ

—-20°C

80

o

A

60

e

//75°C

N,

g

40

e

~

__/

20

0 1

2

3

4 5

VCO IN — VCO Control Voltage — V

Figure 7

VCO OSCILLATION FREQUENCY
'S
VCO CONTROL VOLTAGE

80
Vpp=5V
RBias =2.2kQ A
60
A/ o
7 [
7 25°C
40 Zd
20 ||
0
0 1 2 3 4 5

VCO IN - VCO Control Voltage — V
Figure 9
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TYPICAL CHARACTERISTICS

VCO OSCILLATION FREQUENCY
'S
VCO CONTROL VOLTAGE

VCO OSCILLATION FREQUENCY
VS
VCO CONTROL VOLTAGE

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

40 T 80 T
Vpp=3V Vpp=5V
N RBlAS = 4.3kQ . L Rpjas = 3.3kQ
s T
<I§ 30 T 0
= &
S c
=3 75°C o
: % g
c o
ER L s
o =] /
g e g / /
[%] =
o 8 el
S b 9 25°C / /
4 20 F
=1 el
S 3 ——¥—=")0°C
o
0 0
0 1 2 3 0 1 2 3 4 5
VCO IN - VCO Control Voltage — V VCO IN — VCO Control Voltage — V
Figure 10 Figure 11
VCO OSCILLATION FREQUENCY VCO OSCILLATION FREQUENCY
VS VS
BIAS RESISTOR BIAS RESISTOR
30 T 60 T
Vpp =3V Vpp=5V
N VCOIN = 1/2 Vpp VCO IN = 1/2 Vpp
I Ta = 25°C T Tp =25°C
s s
|
> 25 L;) 50
& 5 \
> >
5 g
< \ T \
S 20 \\ S 40
E \ E h
i3 \ 2
o} o)
3 ~ 8 \
> 15 > 30
|
g g
10 20
25 3 35 4 45 15 2 25 3 35
RBl|AS — Bias Resistor —k Q RB|As — Bias Resistor —k Q
Figure 12 Figure 13
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A (fosc) ~ Temperature Coefficient of Oscillation
Frequency — %/ °c

TYPICAL CHARACTERISTICS

TEMPERATURE COEFFICIENT OF
OSCILLATION FREQUENCY
VS
BIAS RESISTOR

0.4 -
Vpp =3V

VCO IN =1/2 Vpp

| Tp =—-20°Cto 75°C

0.3

0.2

N s

A (fosc) ~ Temperature Coefficient of Oscillation

Frequency — %/ °c

0.4

0.3

0.2

TEMPERATURE COEFFICIENT OF
OSCILLATION FREQUENCY

VS
BIAS RESISTOR

T
Vpp=5V
VCO IN=1/2Vpp

Tp =-20°Cto 75°C

N\

AN
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o \ i . N /
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! I
| |
0 : 0
2 25 3 3335 4 45 15 2 22 25 3 35
Rp|As — Bias Resistor —k Q RBIAS — Bias Resistor —k Q
Figure 14 Figure 15
VCO OSCILLATION FREQUENCY VCO OSCILLATION FREQUENCY
VS VS
VCO SUPPLY VOLTAGE VCO SUPPLY VOLTAGE
24 T 48 .
RBIAS = 3.3kQ RBIAS = 2.2 kQ
| VCOIN=15V N | VCOIN=1/2Vpp
T Tp = 25°C 3 Tp = 25°C
s s
% 22 % a4
@ g
= = —
o o [
E £l 41—
& 20 S 40
8 8
S 3
ST B—— > 36
|
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16 32
3.05 3 3.15 4.75 5 5.25
Vpp - VCO Supply Voltage — V Vpp - VCO Supply Voltage — V
Figure 16 Figure 17
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TYPICAL CHARACTERISTICS
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RECOMMENDED LOCK FREQUENCY

APPLICATION INFORMATION

(x1/2 OUTPUT)
VS
BIAS RESISTOR

RECOMMENDED LOCK FREQUENCY

(x1/2 OUTPUT)
VS
BIAS RESISTOR

A-16

POST O

FFICE BOX 655303 ® DALLAS, TEXAS 75265

30 T
T T Vpp =4.75 V10 5.25 V
15| Vpp=2.85Vt03.15V Tx = —20°C to 75°C
Ta =—-20°Cto 75°C N SELECT =Vpp
N SELECT = Vpp I 25N
I =
= l
| 125 g T~
> . [
> 3
g s
L S
¥ 10 — S \
[S]
B \ \ § \
© (]
IS S~ I
£ 7.5 ~— ~ 8 10
5] —— 9]
2 x
o
s 5
15 2 25 3 35
25 3 35 4 4.5 . .
. . Rp|As — Bias Resistor —k Q
RB|As — Bias Resistor —k Q
Figure 22 Figure 23
‘Ui TEXAS



TLC2932I
HIGH-PERFORMANCE PHASE-LOCKED LOOP

SLAS097E — SEPTEMBER 1994 — REVISED MAY 1997

APPLICATION INFORMATION

gain of VCO and PFD

Divider P
Figure 24 is a block diagram of the PLL. The (Kn=1N) |7
countdown N value depends on the input
frequency and the desired VCO output frequency | |
according to the system application requirements. | PFD VCO |

I

I

The Ky and Ky values are obtained from the fREF —} | Kp) (Kv)

operating characteristics of the device as shown | X TLC2932 AR
in Figure 24. K, is defined from the phase detector R iy -
VoL and Vgoy specifications and the equation / \
shown in Figure 24(b). Ky is defined from / »| LPF \
Figures 8, 9, 10, and 11 as shown in Figure 24(c). / Kp)

The parameters for the block diagram with the / @ \
units are as follows:

Ky : VCO gain (rad/s/V)
Kp : PFD gain (V/rad)
Kt : LPF gain (V/V)

Ky : count down divider gain (1/N) VoL fMIN [

=2m -m 0 m 2mn fMAX F—— — — —
VoH

|
external counter \ Cssqr;)%?i;’;n \ |

When a large N counter is required by the VIN MIN VIN MAX
application, there is a possibility that the PLL K = VoH - VoL _2r(fmax = fMIN)
response becomes slow due to the counter P 4m V= VIN MAX - VIN MIN
response delay time. In the case of a high () ©
frequency application, the counter delay time
should be accounted for in the overall PLL design.

Figure 24. Example of a PLL Block Diagram

RBlas

The external bias resistor sets the VCO center frequency with 1/2 Vpp applied to the VCO IN terminal. However,
for optimum temperature performance, a resistor value of 3.3 kQ with a 3-V supply and a resistor value of 2.5
kQ for a 5-V supply is recommended. For the most accurate results, a metal-film resistor is the better choice
but a carbon-compositiion resistor can be used with excellent results also. A 0.22 pF capacitor should be
connected from the BIAS terminal to ground as close to the device terminals as possible.

hold-in range

From the technical literature, the maximum hold-in range for an input frequency step for the three types of filter
configurations shown in Figure 25 is as follows:

Av,, = 0.8 (Kp) (KV) (Kf (oo))
Where
Kt (00) = the filter transfer function value at w = o
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low-pass-filter (LPF) configurations

Many excellent references are available that include detailed design information about LPFs and should be
consulted for additional information. Lag-lead filters or active filters are often used. Examples of LPFs are shown
in Figure 25. When the active filter of Figure 25(c) is used, the reference should be applied to FIN-B because
of the amplifier inversion. Also, in practical filter implementations, C2 is used as additional filtering at the VCO
input. The value of C2 should be equal to or less than one tenth the value of C1.

Cc2
R1
R1 \Y V
vi Vo ' o Ry | C1
R2 Cc2
T1=C1R1
T1=C1R1 C1 T2 =C1R2
(o} V) — Vo
; Rl T1=C1R1
(a) LAG FILTER T2 = C1R2

(b) LAG-LEAD FILTER
(c) ACTIVE FILTER

Figure 25. LPF Examples for PLL
the passive filter
The transfer function for the lag-lead filter shown in Figure 25(b) is;

O_ 1+s-T2
Viy 1+s-(T1+T12)

Where
Tl=R1.Cland T2=R2 - C1

Using this filter makes the closed loop PLL system a second-order type 1 system. The response curves of this
system to a unit step are shown in Figure 26.

the active filter

When using the active integrator shown in Figure 25(c), the phase detector inputs must be reversed since the
integrator adds an additional inversion. Therefore, the input reference frequency should be applied to the FIN-B
terminal and the output of the VCO divider should be applied to the input reference terminal, FIN-A.

The transfer function for the active filter shown in Figure 25(c) is:

14s-R2-C1
M) =5 Ri-c1

Using this filter makes the closed loop PLL system a second-order type 2 system. The response curves of this
system to a unit step are shown in Figure 27.

basic design example

The following design example presupposes that the input reference frequency and the required frequency of
the VCO are within the respective ranges of the device.

{’? TeEXAS
INSTRUMENTS
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basic design example (continued)

Assume the loop has to have a 100 ps settling time (tg) with a countdown N = 8. Using the Type 1, second order
response curves of Figure 26, a value of 4.5 radians is selected for wnts with a damping factor of 0.7. This
selection gives a good combination for settling time, accuracy, and loop gain margin. The initial parameters are
summarized in Table 5. The loop constants, Ky and K, are calculated from the data sheet specifications and

Table 6 shows these values.

The natural loop frequency is calculated as follows:

Since
Then
4.5 ,
wn = ————— = 45 k-radians/sec
N~ 100 us /
Table 5. Design Parameters
PARAMETER SYMBOL VALUE UNITS
Division factor N 8
Lockup time t 100 us
Radian value to selected lockup time wnt 4.5 rad
Damping factor 14 0.7
Table 6. Device Specifications
PARAMETER SYMBOL VALUE UNITS
VCO gain 76.6 Mrad/V/s
fMAX 70 MHz
fMIN Ky 20 MHz
VIN MAX 5 \
VIN MIN 0.9 \
PFD gain Kp 0.342357 V/rad
Table 7. Calculated Values
PARAMETER SYMBOL VALUE UNITS
Natural angular frequency [ 45000 rad/sec
K=(Ky* Kp)N 3.277 Mrad/sec
Lag-lead filter
Calculated value R1 122(7)8 Q
Nearest standard value
Calculated value R2 308 0
Nearest standard value 300
Selected value C1 0.1 uF
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Using the low-pass filter in Figure 25(b) and divider ratio N, the transfer function for phase and frequency are
shown in equations 1 and 2. Note that the transfer function for phase differs from the transfer function for
frequency by only the divider value N. The difference arises from the fact that the feedback for phase is unity

while the feedback for frequency is 1/N.

Hence, transfer function of Figure 24 (a) for phase is

22s) _ Kp-Ky 1+s -T2 "
Pi(s) N- (T1+7T2) Ky.K,, -T2 Kp -+ K
245 |1+ PV + BV

N-(T1+72) | " N-(T1+T2)

and the transfer function for frequency is

F
ouT(s) _ Kp - Ky 1+s.T2 @
F
rRers) (TLHT2 1 Kp Ky - T2 Kp - Ky
s¢+s- |1+ +
N-(TL+T2) | T N-(T1+712)

The standard two-pole denominator is D =s2 + 2 { wy, s + w2 and comparing the coefficients of the denominator
of equation 1 and 2 with the standard two-pole denominator gives the following results.

o = Kp - Ky
nT VN @I+ T2)

Solving for T1 + T2

%
5 ®)

and by using this value for T1 + T2 in equation 3 the damping factor is

w N
t="A. |12+ " —
2 Kp - Ky

solving for T2

2¢ N
T2 = ——=2———7F——
W Kp . KV
then by substituting for T2 in equation 3
novf 2t N
N-wl 9n Kp - Ky
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From the circuit constants and the initial design parameters then

_[28__ N 1
R2 =1, Kp - KV] C1
R1 = A SN VI

The capacitor, C1, is usually chosen between 1 uF and 0.1 uF to allow for reasonable resistor values and
physical capacitor size. In this example, C1is chosen to be 0.1 uF and the corresponding R1 and R2 calculated
values are listed in Table 7.
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@o(t), Normalized Response
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Figure 26. Type 1 Second-Order Step Response
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Figure 27. Type 2 Second-Order Step Response
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VDD AVDD
1 o veo 14
LOGIC Vpp (Digital) VCO Vpp
2 | seLeCT 13 R1T
1/2 fosc BIAS
0.22 pF R3
3 12
VCO OUT qﬁ VO IN T
REF IN 4| FIN-A 11
- c2 R2
Sf T >0— VCO GND c1
\|
/1
5eND 5| FIN-B >o—* VCO INHIBIT | 10
Y AGND
6 |PFD OUT Phase PFD INHIBIT| g
Comparator |
7 o 8
%7 LOGIC GND (Digital) NC|—
Divide DGND S3
B ——O
y s4
N T_—O
S5 3
R4 < RS R6 DGND

T Rp|as resistor

DVpp

Figure 28. Evaluation and Operation Schematic

PCB layout considerations

The TLC2932I contains a high frequency analog oscillator; therefore, very careful breadboarding and
printed-circuit-board (PCB) layout is required for evaluation.

The following design recommendations benefit the TLC2932I1 user:

External analog and digital circuitry should be physically separated and shielded as much as possible to
reduce system noise.

RF breadboarding or RF PCB techniques should be used throughout the evaluation and production
process.

Wide ground leads or a ground plane should be used on the PCB layouts to minimize parasitic inductance
and resistance. The ground plane is the better choice for noise reduction.

LOGIC Vpp and VCO Vpp should be separate PCB traces and connected to the best filtered supply point
available in the system to minimize supply cross-coupling.

VCO Vpp to GND and LOGIC Vpp to GND should be decoupled with a 0.1-uF capacitor placed as close
as possible to the appropriate device terminals.

The no-connection (NC) terminal on the package should be connected to GND.
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MECHANICAL DATA

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN

0,32

14 8

HAAAHA]

T 0,15 NOM
470 670 !
4,30 6,10 ll
O l f Gage Plane _L
nogooog. Lo
1 7 g ™~
“— A — e 07

0,40

LT

L 1,20 MAX 0,10 MIN

€=
Seating Plane ‘ J
N

ot

Lol

PINS **
8 14 16 20 24 28
DIM
A MAX 3,30 5,30 5,30 6,80 8,10 10,00
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/B 10/94

NOTES: A. Alllinear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
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